In a prospective study involving 115 patients with methicillin-resistant Staphylococcus aureus nares carriage, we found that skin and environmental contamination with methicillinresistant S. aureus was as likely among individuals whose S. aureus carriage was identified only through active surveillance as it was among those individuals whose S. aureus carriage was identified clinically, which suggests that strategies to limit transmission must address colonized patients, as well as infected patients.
In more than one-half of hospitalized patients with methicillinresistant Staphylococcus aureus (MRSA) colonization, MRSA is not detected by clinical culture [1] . Because colonized patients are at risk for infection, screening to identify asymptomatic carriers of MRSA may facilitate preventive strategies, such as decolonization of individuals who are at high risk for infection [2] . In addition, some experts and policy makers recommend routine screening to identify carriers, so that carriers can be placed in contact precautions to prevent transmission [3] . However, the importance of those carriers who are identified only through active surveillance in the dissemination of MRSA is uncertain. Reductions in the incidence of MRSA colonization and infection have been attributed to screening and isolation of carriers, but a recent systematic review deemed much of the evidence in support of screening to be of poor quality [4] .
Colonized or infected patients spread MRSA because of contamination of their skin and shedding of organisms into the environment [5] . Health care workers' hands can facilitate transfer from these sites to susceptible individuals, or patients may acquire MRSA directly from contaminated surfaces. Skin and environmental contamination have been associated with indwelling devices and with the presence of MRSA in wounds or urine, respectively [5] . However, limited information is available regarding the frequency of and risk factors for skin and environmental contamination among carriers whose colonization is not detected clinically. We examined risk factors for skin and environmental contamination with MRSA and tested the hypothesis that contamination of these sites is less common among carriers who are identified only through active surveillance than it is among carriers with infection or positive clinical culture results.
Methods. From June 2007 through June 2008, we conducted a prospective study of a convenience sample of patients with nares carriage of MRSA at a Veterans Affairs hospital that performs routine surveillance for MRSA (Louis Stokes Cleveland Veterans Affairs Medical Center, Cleveland, Ohio). Information about patient characteristics, medical conditions, medications, Braden score and its subscales [6] , indwelling devices, and previous MRSA colonization or infection was collected from chart review and patient interviews. MRSA carriers were categorized as detected only through surveillance if there was: (1) no history of MRSA colonization or infection and (2) no clinical manifestations suggestive of MRSA infection at the time of enrollment. The study protocol was approved by the hospital's institutional review board.
Premoistened CultureSwab swabs (Becton Dickinson) were applied to cm areas of the chest, abdomen, forearm, 5 ϫ 20 and dominant hand of each patient on the day of enrollment and 7 days later. Investigators donned sterile gloves and contacted the same skin sites at a single contact point for ∼3 sec to assess whether MRSA could be acquired on hands; the gloves were imprinted directly onto ChromAgar plates (Becton Dickinson) containing 6 mg/mL cefoxitin. At enrollment (day 0), environmental surfaces were disinfected with a 10% bleach solution. On days 1, 3, and 7, premoistened swabs were applied to cm areas of the patients' bed rails and bedside tables 5 ϫ 20 and to the entire surface areas of the call buttons and telephones. Nares swabs were obtained using swabs with 2 rotations in each nostril, mirroring the hospital's surveillance protocol.
Swabs were plated onto ChromAgar plates containing cefoxitin and incubated at 37ЊC for 48 h. Colonies consistent with S. aureus were subjected to identification and susceptibility testing [7] . MRSA density was determined from directly plated or serially diluted samples. Pulsed-field gel electrophoresis was performed on isolates from 25 patient [8] .
Characteristics of carriers who were identified clinically and of those identified through active surveillance were compared using Pearson's x 2 and Fisher's exact tests; MRSA densities were compared using the Mann-Whitney U test. Predictors of contamination were modeled with use of log-binomial regression with robust variance estimation [9] . Clinically relevant factors (e.g., indwelling devices, incontinence, and wounds) and factors for which unadjusted associations were suggestive ( ) P ! .15 were examined for possible retention in the adjusted model. Data were analyzed using SAS, version 9.1 (SAS Institute) and Stata software, version 9 (Stata). P values !.05 were considered to be statistically significant.
Results. Of 447 MRSA carriers admitted to the hospital during the study period, 115 (26%) were enrolled. The demographic characteristics of patients who were enrolled and patients who were not enrolled did not differ significantly (data not shown). Of the 115 MRSA carriers enrolled in the study, 57 (50%) had colonization that was detected only through active surveillance, and 58 (50%) had suspected, current, or previous MRSA infection and/or positive clinical culture results. Eighteen (31%) of the patients whose colonization was detected through active surveillance were classified as having colonization that was identified clinically, because they were found to have suspected staphylococcal infection (e.g., boils). Ten (56%) of these patients had clinical cultures positive for MRSA shortly after positive nasal surveillance results were obtained. Patients with colonization that was identified clinically, compared with those whose colonization was identified through active surveillance, had longer lengths of stay, more exposure to health care facilities, more medical devices, and more comorbid illnesses; they were more likely to have used antibiotics with activity against MRSA and were more often bedridden (table  1) .
There were no statistically significant differences in the frequencies of skin and environmental contamination or of hand acquisition after skin contact for MRSA carriers whose colonization was identified clinically, compared with those whose colonization was identified through active surveillance (table  2) . The mean number of colonies acquired on hands after skin contact did not differ between the groups. Of 24 sets of isolates typed, 21 (88%) skin and 19 (79%) environmental isolates were identical to corresponding nares isolates from the same patients.
Among patients colonized or infected with MRSA, being bedridden, higher density of nares MRSA (i.e., у500 colonyforming units), age 165 years, and MRSA bacteremia were associated with a higher prevalence of skin and environmental contamination in multivariate log-binomial regression (table  3) . Recent chlorhexidine bathing and use of antibiotics with activity against MRSA were independently associated with a lower prevalence of contamination.
To assess whether there might be subgroups at reduced risk for dissemination of MRSA among individuals with carriage detected by surveillance, we examined the prevalence of contamination among patients who lacked risk factors associated with contamination. Thirty-three percent of ambulatory patients with MRSA carriage detected by surveillance had skin and environmental contamination, and 22% of patients with MRSA who were ambulatory and р65 years of age had contamination.
Discussion. We found that the prevalence of skin and environmental contamination among patients with carriage identified only through surveillance was equivalent to that among patients with MRSA infection or positive clinical culture results. Prevalences of MRSA acquisition were similar in both groups after contact with frequently examined skin sites. As has been reported in previous studies, individuals with MRSA carriage identified only through active surveillance made up approximately one-half of all colonized patients in our institution [1] . Our results suggest that asymptomatic MRSA carriers identified only through active surveillance may play as important a role in the dissemination of MRSA as that played by patients with MRSA infection or with positive clinical culture results.
To our knowledge, the present study is the first to identify bedridden status as an independent predictor of MRSA contamination of commonly contacted skin and environmental sites. Earlier studies involving the residents of long-term care facilities have identified decreased functional status and dependency on health care workers, presence of indwelling devices, wounds, and incontinence as risk factors for contamination of less commonly examined skin sites, including the perirectal area, groin, and axilla [10, 11] . Dependence on health care workers was also identified as a risk factor for acquisition of MRSA colonization or infection in an acute care hospital [12] . The combination of increased prevalence of MRSA carriage, greater skin and environmental contamination, and more-frequent contact with health care workers is likely to magnify the importance of bedridden patients as a source for the dissemination of MRSA.
Other factors that were independently associated with a greater prevalence of skin and environmental contamination included having a higher density of nares colonization, being rather than intermittent, carriage, as well as an association between higher nares density of MRSA and greater environmental contamination [13] . The protective effect of chlorhexidine bathing is biologically plausible and consistent with reports that chlorhexidine bathing may be a useful strategy for reducing skin colonization with pathogens [14] . The use of clinically available factors to identify subgroups of carriers who are at low risk for contamination might allow for targeted infection-control strategies. However, we found that even ambulatory patients р65 years of age who had carriage detected through active surveillance had a 22% prevalence of skin and environmental contamination. These results suggest that it may be difficult to identify subgroups that do not contribute significantly to transmission. Our study has several limitations. We studied a relatively small number of MRSA carriers at a single hospital that serves a predominantly male and elderly population that includes many long-term care facility residents. Acquisition of MRSA on hands was not studied during routine clinical care activities, and gloves were worn. However, the procedures used were designed to simulate routine physical examination of commonly touched skin sites. Although functional status was assessed by means of several validated measures that are routinely used by nurses, there may be variations in assessment. A significant proportion of MRSA carriers may not have been identified, because only nares swab samples were obtained. Finally, although our findings suggest that MRSA carriers who are identified only through active surveillance may contribute to transmission, studies that include molecular typing of newly acquired MRSA strains are needed to provide definitive evidence that MRSA carriers who are identified only through surveillance are responsible for a significant proportion of transmissions. 
